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METHOD AND APPARATUS FOR
TRANSMITTING/RECEIVING SIGNAL IN
WIRELESS COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION(S) AND CLAIM OF PRIORITY

The present application 1s related to and claims the benefit

under 35 U.S.C. §119(a) of a Korean patent application filed
in the Korean Intellectual Property Office on Apr. 15, 2013

assigned Serial No. 10-2013-0041000, the entire disclosure
of which 1s incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a method and apparatus
for transmitting/receiving a signal in a wireless communica-
tion system.

BACKGROUND

In a conventional wireless communication system, a Gaus-
sian channel environment 1s assumed for an interference sig-
nal in order to perform a decoding operation with a low
complexity. In the conventional wireless communication sys-
tem, a quadrature amplitude modulation (QAM) series of
modulation scheme 1s used 1n order that a characteristic of an
interference signal becomes maximally close to Gaussian.

However, channel capacity of a non-Gaussian channel 1s
greater than channel capacity of a Gaussian channel, so, 11 an
accurate decoding operation 1s performed, a decoding perfor-
mance better than a decoding performance on the Gaussian
channel may be acquired on the non-Gaussian channel.

Modulation schemes among modulation schemes which
modulate a related signal thereby an interference signal has a
non-Gaussian characteristic are a frequency shift keying
(FSK) scheme and a hybrid FSK and QAM modulation
(FQAM) scheme.

The FQAM scheme 1s a hybrid modulation scheme in
which the QAM scheme and the FSK scheme are combined,
and has a high spectral efficiency of the QAM scheme and a
characteristic of the FSK scheme 1n which a signal 1s modu-
lated thereby an interference signal has a non-Gaussian char-
acteristic.

However, 1n the FQAM scheme, 1t may not be possible that
a bit-to-symbol mapping scheme is eflectively used. So, 1 the
FQAM scheme 1s used, a non-binary code with a large alpha-
bet size should be used with the FQAM scheme 1n order to
acquire a good bit-to-symbol mapping performance. Gener-
ally, a complexity of the non-binary code exponentially
increases 11 an alphabet size increases, so there may be a need
for a high processing complexity in order to enhance a per-
formance of the FQAM scheme.

There may be a need for a method of transmitting/recerving,
a signal thereby enhancing a bit-to-symbol mapping perfor-
mance and decreasing a processing complexity in a wireless
communication system supporting a FQAM scheme.

SUMMARY

To address the above-discussed deficiencies, 1t 1s a primary
object to provide a method and apparatus for transmitting/
receiving a signal 1n a wireless communication system sup-
porting an FQAM scheme thereby enhancing a bit-to-symbol
mapping performance.

Another aspect of the present disclosure i1s to provide a
method and apparatus for transmitting/recerving a signal in a
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2

wireless communication system supporting an FQAM
scheme thereby decreasing a processing complexity.

Another aspect of the present disclosure 1s to provide a
method and apparatus for transmitting/recerving a signal
using a binary code 1 a wireless communication system
supporting an FQAM scheme.

Another aspect of the present disclosure 1s to provide a
method and apparatus for transmitting/recerving a signal 1n a
wireless communication system supporting an FQAM
scheme thereby directly mapping a bit sequence to an FQAM
symbol.

Another aspect of the present disclosure 1s to provide a
method and apparatus for transmitting/recerving a signal 1n a
wireless communication system supporting an ,ﬁQA\/I
scheme thereby directly mapping a bit sequence to an FQAM
symbol and enhancing a bit-to-symbol mapping perfor-
mance.

Another aspect of the present disclosure 1s to provide a
method and apparatus for transmitting/recerving a signal 1n a
wireless communication system supporting an FQAM
scheme thereby directly mapping a bit sequence to an FQAM
symbol and decreasing a processing complexity.

Another aspect of the present disclosure 1s to provide a
method and apparatus for transmitting/recerving a signal 1n a
wireless communication system supporting an FQAM
scheme thereby directly mapping a bit sequence to an FQAM
symbol and decreasing latency.

In accordance with an aspect of the present disclosure, one
or more embodiments provide a method for transmitting a
signal by a transmitting apparatus 1n wireless a communica-
tion system supporting a modulation scheme based on a
quadrature amplitude modulation (QAM) scheme and a fre-
quency shift keying (FSK) scheme. The method includes
determining at least one first bit which will be mapped to at
least one QAM symbol and at least one second bit which will
be mapped to at least one FSK symbol among bits included in
an encoded input bit stream. The method also includes gen-
erating a modulation symbol by mapping the at least one first
bit to the at least one QAM symbol and mapping the at least
one second bit to the at least one FSK symbol based on a
Hamming distance of the at least one second bat.

In accordance with another aspect of the present disclo-
sure, one or more embodiments provide a method for recerv-
ing a signal by a receiving apparatus in wireless a communi-
cation system supporting a modulation scheme based on a
quadrature amplitude modulation (QAM) scheme and a fre-
quency shift keying (FSK) scheme. The method also includes
receiving a modulation symbol from a transmitting apparatus.
The modulation symbol 1s generated by the transmitting
apparatus, and wherein the transmitting apparatus determines
at least one first bit which will be mapped to at least one QAM
symbol and at least one second bit which will be mapped to at
least one FSK symbol among bits included 1n an encoded
input bit stream. The transmitting apparatus also generates
the modulation symbol by mapping the at least one first bit to
the at least one QAM symbol and mapping the at least one
second bit to the at least one FSK symbol based on a Ham-
ming distance of the at least one second bit.

In accordance with another aspect of the present disclo-
sure, one or more embodiments provide a transmitting appa-
ratus for transmitting a signal 1n wireless a communication
system supporting a modulation scheme based on a quadra-
ture amplitude modulation (QAM) scheme and a frequency
shift keying (FSK) scheme. The transmitting apparatus
includes an encoder configured to encode an input bit stream.
The transmitting apparatus also includes a modulator config-
ured to determine at least one first bit which will be mapped
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to at least one QAM symbol and at least one second bit which
will be mapped to at least one FSK symbol among bits
included 1n an encoded iput bit stream The modulator 1s also
configured to generate a symbol by mapping the at least one
first bit to the at least one QAM symbol and mapping the at
least one second bit to the at least one FSK symbol based on
a Hamming distance of the at least one second bit.

In accordance with another aspect of the present disclo-
sure, one or more embodiments provide a receiving apparatus
for recerving a signal 1n wireless a communication system
supporting a modulation scheme based on a quadrature
amplitude modulation (QAM) scheme and a frequency shiit
keying (FSK) scheme. The receiving apparatus includes a
receiver conligured to receive a modulation symbol from a
transmitting apparatus. The modulation symbol 1s generated
by the transmitting apparatus. The transmitting apparatus
determines at least one first bit which will be mapped to at
least one QAM symbol and at least one second bit which will
be mapped to at least one FSK symbol among bits included in
an encoded input bit stream, and generates the modulation
symbol by mapping the at least one first bit to the at least one
QAM symbol and mapping the at least one second bit to the
at least one FSK symbol based on a Hamming distance of the
at least one second bat.

Other aspects, advantages, and salient features of the dis-
closure will become apparent to those skilled in the art from
the following detailed description, which, taken in conjunc-

tion with the annexed drawings, discloses exemplary embodi-
ments of the disclosure.

Before undertaking the DETAILED DESCRIPTION
below, 1t may be advantageous to set forth definitions of
certain words and phrases used throughout this patent docu-
ment: the terms “include” and “comprise,” as well as deriva-
tives thereof, mean inclusion without limitation; the term
“or,” 1s inclusive, meaning and/or; the phrases “associated
with” and “associated therewith,” as well as derivatives
thereot, may mean to include, be included within, intercon-
nect with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with,
have, have a property of, or the like; and the term “controller”
means any device, system or part thereof that controls at least
one operation, such a device may be implemented 1n hard-
ware, firmware or software, or some combination of at least
two of the same. It should be noted that the functionality
associated with any particular controller may be centralized
or distributed, whether locally or remotely. Definitions for
certain words and phrases are provided throughout this patent
document, those of ordinary skill 1n the art should understand
that 1n many, 11 not most mstances, such definitions apply to
prior, as well as future uses of such defined words and
phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure and 1ts advantages, reference 1s now made to the follow-
ing description taken in conjunction with the accompanying
drawings, 1n which like reference numerals represent like
parts:

FIG. 1 schematically illustrates a basic concept of an
FQAM scheme 1n a conventional wireless communication
system;

FI1G. 2 schematically 1llustrates a structure of a transmuitter/
receiver 1 a wireless communication system supporting a
conventional QAM scheme;
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4

FIG. 3 schematically 1llustrates a structure of a transmitter/
receiver 1 a wireless communication system supporting a
conventional FQAM scheme;

FIG. 4 schematically illustrates an inner structure of an
FQAM modulator used 1n a wireless communication system
supporting a conventional FQAM scheme;

FIG. 5 schematically illustrates a bit mapping result when
an FQAM scheme 15 used 1n a conventional wireless commus-
nication system;

FIG. 6 schematically illustrates an mnner structure of a
DBM FQAM modulator 1n a wireless communication system
according to an embodiment of the present disclosure;

FIG. 7 schematically 1llustrates a bit mapping result of a
DBM FQAM modulator 1n a wireless communication system
according to an embodiment of the present disclosure;

FIG. 8 schematically 1llustrates a bit mapping result of a
Gray-DBM FQAM (16-FQAM) scheme 1n a wireless com-
munication system according to an embodiment of the
present disclosure;

FIG. 9 schematically illustrates a bit mapping result of a
Gray-DBM FQAM (32-FQAM) scheme 1n a wireless com-

munication system according to an embodiment of the
present disclosure;

FIG. 10 schematically illustrates a structure of a transmit-
ter/recerver 1n a wireless communication system supporting a
Gray-DBM FQAM scheme according to an embodiment of
the present disclosure;

FIG. 11 schematically 1llustrates an operating process of a
transmitter in a wireless communication system supporting a
Gray-DBM FQAM scheme according to an embodiment of
the present disclosure;

FIG. 12 1s a graph 1llustrating a performance when a DBM
4FQAM scheme according to an embodiment of the present
disclosure 1s used compared with a performance when a con-
ventional 4FQAM scheme 1s used 1n a wireless communica-
tion system; and

FIG. 13 1s a graph illustrating a performance when a Gray
DBM 8FQAM scheme according to an embodiment of the
present disclosure 1s used compared with a performance
when a conventional 8FQAM scheme 15 used 1n a wireless
communication system.

Throughout the drawings, 1t should be noted that like ret-
erence numbers are used to depict the same or similar ele-
ments, features, and structures.

DETAILED DESCRIPTION

FIGS. 1 through 13, discussed below, and the various

embodiments used to describe the principles of the present
disclosure 1n this patent document are by way of illustration
only and should not be construed 1n any way to limit the scope
of the disclosure. Those skilled 1n the art will understand that
the principles of the present disclosure may be implemented
in any suitably arranged system or method. The following
description with reference to the accompanying drawings 1s
provided to assist in a comprehensive understanding of vari-
ous embodiments of the present disclosure as defined by the
claiams and their equivalents. It includes various specific
details to assist 1n that understanding but these are to be
regarded as merely examples. Accordingly, those of ordinary
skill in the art will recognize that various changes and modi-
fications of the various embodiments described herein can be
made without departing from the scope and spirit of the
present disclosure. In addition, descriptions of well-known
functions and constructions may be omitted for clarity and
CONCISeness.
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The terms and words used 1n the following description and
claims are not limited to the bibliographical meanings, but,
are merely used by the mnventor to enable a clear and consis-
tent understanding of the present disclosure. Accordingly, it
should be apparent to those skilled in the art that the following
description of various embodiments of the present disclosure
1s provided for 1llustration purpose only and not for the pur-
pose of limiting the present disclosure as defined by the
appended claims and their equivalents.

Although ordinal numbers such as “first,” “second,” and so
forth will be used to describe various components, those
components are not limited herein. The terms are used only
for distinguishing one component from another component.
For example, a first component may be referred to as a second
component and likewise, a second component may also be
referred to as a first component, without departing from the
teaching of the mventive concept. The term “and/or” used
herein includes any and all combinations of one or more of the
associated listed items.

The terminology used herein 1s for the purpose of describ-
ing various embodiments only and is not intended to be lim-
iting. As used herein, the singular forms are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “‘comprises’” and/or “has,” when used 1n this specifica-
tion, specily the presence of a stated feature, number, step,
operation, component, element, or combination thereot, but
do not preclude the presence or addition of one or more other
features, numbers, steps, operations, components, elements,
or combinations thereof.

The terms used herein, including technical and scientific
terms, have the same meanings as terms that are generally
understood by those skilled 1n the art, as long as the terms are
not differently defined. It should be understood that terms
defined 1n a generally-used dictionary have meanings coin-
ciding with those of terms 1n the related technology.

An embodiment of the present disclosure proposes a
method and apparatus for transmitting/recerving a signal in a
wireless communication system supporting a hybrid fre-
quency shift keying (FSK) and quadrature amplitude modu-
lation (QAM) modulation (FQAM) scheme thereby enhanc-
ing a bit-to-symbol mapping performance.

An embodiment of the present disclosure proposes a
method and apparatus for transmitting/receiving a signal 1n a
wireless communication system supporting an FQAM
scheme thereby decreasing a processing complexity.

An embodiment of the present disclosure proposes a
method and apparatus for transmitting/receiving a signal
using a binary code in a wireless communication system
supporting an FQAM scheme.

An embodiment of the present disclosure proposes a
method and apparatus for transmitting/recerving a signal in a
wireless communication system supporting an FQAM
scheme thereby directly mapping a bit sequence to an FQAM
symbol.

An embodiment of the present disclosure proposes a
method and apparatus for transmitting/receiving a signal 1n a
wireless communication system supporting an FQAM
scheme thereby directly mapping a bit sequence to an FQAM
symbol and enhancing bit-to-symbol mapping performance.

An embodiment of the present disclosure proposes a
method and apparatus for transmitting/recerving a signal in a
wireless communication system supporting an FQAM
scheme thereby directly mapping a bit sequence to an FQAM
symbol and decreasing a processing complexity.

An embodiment of the present disclosure proposes a
method and apparatus for transmitting/recerving a signal in a

10

15

20

25

30

35

40

45

50

55

60

65

6

wireless communication system supporting an
scheme thereby directly mapping a bit sequence to an
symbol and decreasing latency.

A method and apparatus proposed 1n various embodiments
of the present disclosure may be applied to various commu-
nication systems such as a long term evolution (LTE) mobile
communication system, an LTE-advanced (LTE-A) mobile
communication system, a high speed downlink packet access
(HSDPA) mobile commumnication system, a high speed uplink
packet access (HSUPA) mobile communication system, a
high rate packet data (HRPD) mobile communication system
proposed in a 3" generation project partnership 2 (3GPP2), a
wideband code division multiple access (WCDMA) mobile
communication system proposed 1n the 3GPP2, a code divi-
sion multiple access (CDMA ) mobile communication system
proposed in the 3GPP2, an institute of electrical and electron-
ics engineers (IEEE) mobile communication system, an
evolved packet system (EPS), amobile internet protocol (Mo-
bile IP) system, and/or the like.

A basic concept of an FQAM scheme 1n a conventional
wireless communication system will be described with refer-
ence to FIG. 1.

FIG. 1 schematically illustrates a basic concept of an
FQAM scheme 1n a conventional wireless communication
system.

As 1llustrated 1n FIG. 1, an FQAM scheme includes a
characteristic of a QAM scheme and a characteristic of an
FSK scheme. For example, a 16-FQAM scheme based on a
tetrad QAM scheme, 1.€., a 4-QAM (quadrature phase shiit
keying (QPSK)) scheme and a 4-FSK scheme which uses four
modulation frequencies 1s illustrated 1n FIG. 1.

Referring to FIG. 1, a constellation of a 4-QAM scheme
includes four signal points S1, S2, S3, and S4 to which a
modulated digital signal may be mapped. The four signal
points have the same magnitude, and include complex modu-
lation symbols (a, a), (-a, a), (—a, —a), (a, —a) which have a
phase difference of 90 degrees between two adjacent signal
points. For example, one of information bits 00, 01, 10, and 11
may be mapped to each of the four signal points.

In the 4-FSK scheme, each of information bits 1s transmait-
ted through one of four different modulation frequencies. For
example, each of information bits 00, 01, 10, and 11 may be

transmitted through one of modulation frequencies 1, 1., 15,

and 1.

In a 16-FQAM scheme based on the 4-QAM scheme and
the 4-FSK scheme, four signal points S, S,, S;, and S, are
transmitted through one of four modulation frequencies 1, 1.,
t,,and I,. Thatis, S, S,, S5, and S, are transmitted through a
modulation frequency 1,, S, S,, S;, and S, are transmitted
through a modulation frequency 1,, S;, S,, S5, and S, are
transmitted through a modulation frequency 15, and S, S,, S;,
and S, are transmitted through a modulation frequency 1. So,
in the 16-FQAM scheme, sixteen information units (1.e., four
information bits) may be transmitted using a transmission
resource with quantity equal to quantity of the 4-QAM
scheme or the 4-FSK scheme.

The FQAM scheme 1s a modulation scheme 1in which infor-
mation bits are mapped using a constellation and a frequency
location. In FIG. 1, a single-tone FQAM scheme 1s 1llustrated,
however, 1t will be understood by those of ordinary skill in the
art that a multi-tone FQAM scheme 1n which information bits
are mapped using various patterns of various frequencies may
be implemented.

So, the FQAM scheme may include all of the single-tone
FQAM scheme and the multi-tone FQAM scheme.

In a wireless communication system, a QAM scheme 1s
generally used based on a binary code, and an FQAM scheme

FQAM
FQAM
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1s generally used based on a non-binary code. This will be
described with reference to FIGS. 2 and 3.

A structure of a transmitter/receiver 1n a wireless commu-

nication system supporting a conventional QAM scheme will
be described with reference to FI1G. 2.

FI1G. 2 schematically 1llustrates a structure of a transmuitter/
receiver 1 a wireless communication system supporting a
conventional QAM scheme.

Referring to FIG. 2, a transmitter includes a binary channel
encoder 200, a bit-to-symbol mapper 202, and a QAM modu-
lator 204, and a receiver includes a QAM de-modulator 208,
a symbol-to-bit mapper 210, and a binary channel decoder
212.

A binary bit stream which the transmitter intends to trans-
mit 1s mput to the binary channel encoder 200; the binary
channel encoder 200 generates an encoded bit stream by
encoding the imput binary bit stream based on a preset encod-
ing scheme, and outputs the encoded bit stream to the bit-to-
symbol mapper 202. The bit-to-symbol mapper 202 maps
cach of bits included 1n the encoded binary bit stream to a

symbol based on a preset mapping scheme to output bits
mapped to the symbol to the QAM modulator 204. The QAM
modulator 204 modulates the bits mapped to the symbol
based on a QAM scheme to generate QAM symbols. The
QAM symbols are transmitted to the receiver through a chan-
nel 206.

If the QAM symbols are received 1n the receiver through
the channel 206, the QAM de-modulator 208 generates de-
modulated QAM symbols by de-modulating the received
QAM symbols corresponding to the QAM scheme used 1n the
QAM modulator 204, and outputs the de-modulated QAM
symbols to the symbol -to-bit mapper 210. The symbol-to-bit
mapper 210 generates a bit stream corresponding to the bit-
to-symbol mapping scheme used 1n the bit-to-symbol mapper
202, and outputs the bit stream to the binary channel decoder
212. The binary channel decoder 212 decodes the bit stream
corresponding to the encoding scheme used 1n the binary
channel encoder 200.

The transmitter/recerver in FIG. 2 has been used for maxi-
mizing a bandwidth efficiency in a multi-cell system of which
interference 1s not relatively large. The transmitter/receiver 1s
generally used along with a Gaussian de-modulator since the
transmitter/recerver holds a characteristic of an interference
signal as a Gaussian characteristic.

Various optimized bit-to-symbol mapping schemes have
been already proposed, so there 1s little deference between a
performance when the transmitter/receiver uses a binary code
and a performance when the transmitter/receiver uses a non-
binary code. So, the transmitter/recerver has been 1mple-
mented and used along with the binary code with a low
complexity.

Since the transmitter/receiver holds the characteristic of
the interference signal as the Gaussian characteristic, the
transmitter/receiver may not acquire a high decoding perior-
mance due to a high channel capacity of a non-Gaussian
channel in an environment with a severe interference.

A structure of a transmitter/recerver 1n a wireless commu-
nication system supporting a conventional FQAM scheme
will be described with reference to FIG. 3.

FI1G. 3 schematically 1llustrates a structure of a transmuitter/
receiver 1 a wireless communication system supporting a
conventional FQAM scheme.

Referring to FIG. 3, a transmitter includes a non-binary
channel encoder 300, and an FQAM modulator 302, and a
receiver includes an FQAM de-modulator 306, and a non-
binary channel decoder 308.

10

15

20

25

30

35

40

45

50

55

60

65

8

A binary bit stream which a transmitter intends to transmit
1s mput to the non-binary channel encoder 300; the non-
binary channel encoder 300 generates an encoded non-binary
bit stream by encoding the input non-binary bit stream based
on a preset encoding scheme, and outputs the encoded non-
binary bit stream to the FQAM modulator 302. The FQAM

modulator 302 modulates the encoded non-binary bit stream
based on an FQAM scheme to generate FQAM symbols. The

FQAM symbols are transmitted to the receiver through a
channel 304.

If the FQAM symbols are recerved 1n the recerver through
the channel 304, the FQAM de-modulator 306 generates
de-modulated FQAM symbols by de-modulating the
received FQAM symbols corresponding to the FQAM
scheme used in the FQAM modulator 302, and outputs the
de-modulated FQAM symbols to the non-binary channel
decoder 308. The non-binary channel decoder 308 decodes
the de-modulated FQAM symbols.

The transmitter/recetver 1n FIG. 3 has a relatively high
frequency elliciency, and enables that an interference signal
becomes non-Gaussian. Further, the transmitter/receiver 1n
FIG. 3 acquires a decoding performance better than a decod-
ing performance of a conventional QAM scheme 1n an envi-
ronment of a severe interference.

As described above, 1n order to acquire a better perfor-
mance when a non-binary code i1s used 1n a transmitter/re-
ceiver, a non-binary code of a large alphabet size 1s used.
However, a complexity of the non-binary code exponentially
increases 1n proportion to an alphabet size, so a performance
in the transmitter/receiver 1s limited due to a processing com-
plexity.

A structure of the FQAM modulation 302 i FIG. 3 1s
illustrated 1n FIG. 4.

FIG. 4 schematically illustrates an inner structure of an
FQAM modulator used in a wireless communication system
supporting a conventional FQAM scheme.

Referring to FIG. 4, an FQAM modulator includes a
sequence splitter 400, a bit-to-QAM symbol mapper 402, a
bit-to-FSK symbol mapper 404, and a symbol-to-FQAM
symbol mapper 406.

Upon inputting a bit stream, the sequence splitter 400 splits
bits included 1n the bit stream into bits on which a QAM
scheme will be performed and bits on which an FSFK scheme
will be performed. The sequence splitter 400 outputs the bits
on which the QAM scheme will be performed to the bit-to-
QAM symbol mapper 402, and outputs the bits on which the
FSFK scheme will be performed to the bit-to-FSK symbol
mapper 404. The bit-to-QAM symbol mapper 402 generates
a QAM symbol by performing a modulation operation on
input bits based on a QAM scheme, and outputs the generated
QAM symbol to the symbol-to-FQAM symbol mapper 406.
The bit-to-FSK symbol mapper 404 generates an FSK sym-
bol by performing a modulation operation on input bits based
on an FSK scheme, and outputs the generated FSK symbol to
the symbol-to-FQAM symbol mapper 406. The generated
QAM symbol and FSK symbol are combined and transmitted
in the symbol-to-FQAM symbol mapper 406.

In the FQAM modulator 1n FIG. 4, an FSK tone carries a
QAM symbol, so QAM symbols and FSK symbols are
mapped to an FQAM symbol after a bit mapping for a part
corresponding to a QAM scheme and a part corresponding to
an FSK scheme 1s performed. An example of a result of this
mapping operation 1s 1llustrated 1n FIG. 5.

FIG. 5 schematically illustrates a bit mapping result when
an FQAM scheme 1s used 1n a conventional wireless commu-
nication system.
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Referring to FIG. S, the first symbol (0010) 506 to which
the first bit sequence 1s allocated 1s a QAM symbol, and the

second symbol (0001) 500 to which the second bit sequence

1s allocated, the third symbol (0000) 502 to which the third bit
sequence 1s allocated, the fourth symbol (0011) 504 to which
the fourth bit sequence 1s allocated, and remaining symbols

are FSK symbols.

As described 1n FIG. 5, 1f a conventional FQAM bit map-
ping operation 1s performed, QAM symbols and FSK sym-
bols independently exist, and a bit sequence of the longest
Hamming distance 1s mapped to an adjacent symbol. For
example, a bit sequence of a Hamming distance from bit
sequence which 1s mapped to the second symbol 500 1s maxi-
mized 1s mapped to one of the third symbol 502 and the fourth
symbol 504 as adjacent symbols of the second symbol 500. It
the longest Hamming distance 1s mapped to an adjacent sym-
bol, performance degradation increases. So, an FQAM
scheme which uses a non-binary code of which a decoding
performance 1s not influenced according to a Hamming dis-
tance may be considered. However, if the non-binary code 1s
used, a performance of an FQAM scheme 1s limited due to a
processing complexity. This 1s why a complexity of the non-
binary code exponentially increases in proportion to an alpha-
bet size.

Many schemes which map bits to a symbol have been
proposed. The many schemes have been proposed fora QAM
scheme or a phase shift keying (PSK) scheme.

It may not be possible that a bit mapping scheme proposed
for a specific modulation scheme 1s used for other modulation
scheme. So, bit mapping schemes proposed for a QAM
scheme or a PSK scheme may not be used for an FQAM
scheme. In an FSK scheme, all symbols have the same
Euclidean distance, so a bit mapping scheme 1s not at all
elfective. The FQAM scheme 1s new or newly focused modu-
lation scheme, so there may be a need for a bit mapping
scheme appropnate for the FQAM scheme. However, the bit
mapping scheme appropriate for the FQAM scheme has not
been proposed at present.

An embodiment of the present disclosure proposes a
direct-bit-mapped-FQAM (DBM FQAM) method and appa-
ratus thereby directly mapping a bit sequence to an FQAM
symbol.

An 1nner structure of a DBM FQAM modulator 1n a wire-
less communication system according to an embodiment of
the present disclosure will be described with reference to FIG.
6.

FIG. 6 schematically illustrates an inner structure of a
DBM FQAM modulator 1n a wireless communication system
according to an embodiment of the present disclosure.

Referring to FIG. 6, the DBM FQAM modulator includes
a bit-to-FQAM symbol mapper 600. Upon inputting a binary
bit stream, the bit-to-FQAM symbol mapper 600 maps bits
included 1n the binary bit stream to an FQAM symbol to
output the FQAM symbol. According to this structure, the
DBM FQAM modulator may perform a bit-to-symbol map-
ping operation with a simple format compared with a conven-

tional FQAM modulator, so latency may be decreased.
An example of a bit mapping result of the DBM FQAM

modulator will be described 1n FIG. 7.

FI1G. 7 schematically illustrates a bit mapping result of a
DBM FQAM modulator in a wireless communication system
according to an embodiment of the present disclosure.

Referring to FIG. 7, the first symbol (1110) 706 to which
the first bit sequence 1s allocated 1s a QAM symbol, and the
second symbol (0001) 700 to which the second bit sequence

1s allocated, the third symbol (0000) 702 to which the third bat
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sequence 1s allocated, the fourth symbol (1111) 704 to which
the fourth bit sequence 1s allocated, and remaining symbols
are FSK symbols.

For example, a maximum distance between symbols 1n
FIG. 7 may be (2+ the number of FSK bits—1). Generally, if an
FQAM scheme 1s used, a maximum distance between adja-
cent symbols 1s (2+ the number of FSK bits). So a better
performance may be acquired if a DBM FQAM bit mapping
method proposed 1n an embodiment of the present disclosure
1s used.

In order to acquire more elificient performance, 1mn an
embodiment of the present disclosure, a scheme (hereinafter
called ‘Gray-DBM FQAM scheme’) which performs a Gray
coding scheme on the number equal to the number of QAM
bits of bits, and performs bit-to-symbol mapping operation in
order to maximize a Hamming distance between symbols
which exist on quadrants which are the most far each other on
the same frequency may be used.

An example of a bit mapping result of the Gray-DBM
FQAM scheme will be described in FIGS. 8 and 9.

A bit mapping result of a Gray-DBM FQAM (16-FQAM)
scheme 1n a wireless communication system according to an
embodiment of the present disclosure will be described with
reference to FIG. 8.

FIG. 8 schematically 1llustrates a bit mapping result of a
Gray-DBM FQAM (16-FQAM) scheme 1n a wireless com-
munication system according to an embodiment of the
present disclosure.

Referring to FIG. 8, 1f one symbol includes four bits, and
the third and fourth bits among the four bits are QAM bits, a
Gray coding scheme (in order that Hamming distances
among all adjacent symbols are ‘1’) may be performed for the
third and fourth bits. For example, the third and fourth bits
included 1n each of the first symbol 800 and the second
symbol 802 are mapped thereby having one bit difference
(1.e., with a Hammuing distance of 1) each other. If the first and
second bits among the four bits exit an opposite quadrant each
other on the same frequency domain, the first and second bits
are mapped thereby a Hamming distance 1s maximized. For
example, the first and second bits included 1n each of the
second symbol 802 and the third symbol 804 are mapped
thereby a Hamming distance 1s 2.

A bit mapping result of a Gray-DBM FQAM (16-FQAM)
scheme 1n a wireless communication system according to an
embodiment of the present disclosure has been described
with reference to FIG. 8, and a bit mapping result of a Gray-
DBM FQAM (32-FQAM) scheme 1n a wireless communica-

tion system according to an embodiment of the present dis-
closure will be described with reference to FIG. 9.

FIG. 9 schematically 1llustrates a bit mapping result of a
Gray-DBM FQAM (32-FQAM) scheme 1n a wireless com-
munication system according to an embodiment of the
present disclosure.

Reterring to FIG. 9, 11 one symbol includes five bits and the
third bait, the fourth bit, and the fifth bit among the five bits, a
Gray coding operation may be performed on the third bit, the
fourth bit, and the fifth bit. For example, a mapping operation
1s performed thereby a Hamming distance of each of the third
bit, the fourth bit, and the fifth bit included 1n each of adjacent
symbols “011017, “01001” 1s “1”. Similarly, a mapping
operation 1s performed thereby a Hamming distance of each

of the third bit, the fourth bit, and the fifth bit included 1n each
of adjacent symbols “01101” of the first symbol group 900,

“01001” of the second symbol group 902 1s “17.

Symbol groups which exit on an opposite quadrant each
other on the same frequency domain among four symbols
groups 1n each quadrant are mapped thereby Hamming dis-
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tances of the first and second bits included 1n each of symbols
included 1 a related symbol group are maximized. For
example, the first and second bits included 1n each of symbols
included 1n the first symbol group 900 and the third symbol
group 906 may be mapped thereby Hamming distances of the
first and second bits included in each of the symbols included
in the first symbol group 900 and the third symbol group 906
are 2.

A structure of a transmitter/recerver 1n a wireless commu-
nication system supporting a Gray-DBM FQAM scheme
according to an embodiment of the present disclosure will be
described with reference to FIG. 10.

FI1G. 10 schematically illustrates a structure of a transmit-
ter/recerver 1n a wireless communication system supporting a
Gray-DBM FQAM scheme according to an embodiment of
the present disclosure.

Referring to FIG. 10, a transmaitter includes a binary chan-
nel encoder 1000, and a Gray-DBM FQAM modulator 1002,
and a recerver includes a Gray-DBM FQAM de-modulator
1006, and a binary channel decoder 1008.

Firstly, a structure of the transmitter will be described.
Upon inputting a binary bit stream to be transmitted, the
binary channel encoder 1000 encodes the input binary bit
stream using a preset encoding scheme to generate an
encoded binary bit stream, and outputs the encoded binary bit
stream to the Gray-DBM FQAM modulator 1002. For
example, 11 the input binary bit stream 1s “1011001 . . . 7, the

input binary bit stream “1011001 . . . ” may be an encoded
binary bit stream as “110101011011 . ...

The Gray-DBM FQAM modulator 1002 modulates bits
included 1n the encoded binary bit stream based on a Gray-
DBM FQAM scheme to generate modulated symbols. For
example, i the Gray-DBM FQAM modulator 1002 uses an 8
FQAM scheme and an encoded binary bit stream
“110101011011 ... ” 1s input, the Gray-DBM FQAM modu-
lator 1002 may output “[0, 1], [0, -1+1], [-1-1,0], [-1-,
0] ...” as a modulated symbol.

As described above, the Gray-DBM FQAM modulator
1002 performs a Gray coding operation on the number equal
to the number of QAM bits of bits to map the bits to a related
symbol, and maps the number equal to the number of FSK
bits of bits to symbols thereby a Hamming distance between
symbols which exist on quadrants which are the most far on
the same frequency 1s maximized. An example of a bit map-
ping result of the Gray-DBM FQAM modulator 1002 1s

expressed in Table 1.

TABLE 1
001 000 101 100
[1+5,00 O[O 1+j,01  [0,-1+j] O[O [0,1+]]
1-5,00 OO 1t-50  [0,-1-1 O[O [0,1-]]
011 010 111 110

The modulated symbols “[0, 1-1], [0, =1+7], [-1-1,0], [-1-
1,0] ... may be digital-to-analog converted to be transmitted
to the recerver through a channel 1004,

The modulated symbols are received in the receiver
through the channel 1004; the modulated symbols are analog-
to-digital converted and output to the Gray-DBM FQAM
de-modulator 1006. The Gray-DBM FQAM de-modulator
1006 de-modulates the recerved symbols corresponding to
the Gray-DBM FQAM scheme used in the Gray-DBM
FQAM modulator 1002 to generate de-modulated bits, and
outputs the de-modulated bits to the binary channel decoder
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1008. The binary channel decoder 1008 decodes the
de-modulated bits corresponding to the encoding scheme

used 1n the binary channel encoder 1000.
While the binary channel encoder 1000 and the Gray-DBM
FQAM modulator 1002 are shown i FIG. 10 as separate

units, it 1s to be understood that this 1s merely for convenience

of description. In other words, the binary channel encoder
1000 and the Gray-DBM FQAM modulator 1002 may be

incorporated 1nto a single unit. While the Gray-DBM FQAM
de-modulator 1006 and the binary channel decoder 1008 are
shown 1n FIG. 10 as separate units, 1t 1s to be understood that

this 1s merely for convenience of description. In other words,
the Gray-DBM FQAM de-modulator 1006 and the binary
channel decoder 1008 may be incorporated 1nto a single unait.

A structure of a transmitter/receiver in a wireless commus-
nication system supporting a Gray-DBM FQAM scheme
according to an embodiment of the present disclosure has
been described with reference to FIG. 10, and an operating
process ol a transmitter 1n a wireless communication system
supporting a Gray-DBM FQAM scheme according to an
embodiment of the present disclosure will be described with
reference to FI1G. 11.

FIG. 11 schematically 1llustrates an operating process of a
transmitter in a wireless communication system supporting a
Gray-DBM FQAM scheme according to an embodiment of
the present disclosure.

Retferring to FIG. 11, the transmitter determines at least
one first bit which will be mapped to at least one QAM
symbol and at least one second bit which will be mapped to at
least one FSK symbol among bits included 1n an encoded bit
stream at operation 1100.

The transmitter performs a Gray coding operation on the at
least one first bit to map the Gray coded at least one first bit to
at least one QAM symbol at operation 1102.

The transmitter maps the at least one second bit to the at
least one FSK symbol based on a Hamming distance on
constellation between the at least one second bit at operation
1104. That 1s, the transmitter maps bits of which Hamming
distances are the longest to symbols which are the most far
cach other within a quadrant of the constellation.

Although FIG. 11 1illustrates an operating process of a
transmitter 1n a wireless communication system supporting a
Gray-DBM FQAM scheme according to an embodiment of
the present disclosure, various changes could be made to FIG.
11. For example, while shown as a series of operations, vari-
ous operations i FIG. 11 could overlap, occur in parallel,
occur 1n a different order, or occur multiple times.

An operating process of a transmitter 1n a wireless com-
munication system supporting a Gray-DBM FQAM scheme
according to an embodiment of the present disclosure has
been described with reference to FI1G. 11, and a performance
when a binary code 1s applied on a conventional FQAM
scheme and a performance when a binary code 1s applied on
a DBM FQAM scheme and a Gray-DBM FQAM scheme
proposed 1 an embodiment of the present disclosure will be
described with reference to FIGS. 12 and 13.

A performance when a DBM 4FQAM scheme according to
an embodiment of the present disclosure 1s used compared
with a performance when a conventional 4FQAM scheme 1s
used 1n a wireless communication system will be described
with reference to FIG. 12.

FIG. 12 1s a graph 1llustrating a performance when a DBM
4FQAM scheme according to an embodiment of the present
disclosure 1s used compared with a performance when a con-
ventional 4FQAM scheme 1s used 1n a wireless communica-
tion system.
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A frame error rate (FER) per signal to noise ratio (SNR)
when both an FSK order and a QAM order are “2” 1s 1llus-

trated 1in FI1G. 12. In FIG. 12, Q denotes an FSK order, and M
denotes a QAM order.

Further, 1t will be noted that a performance when a DBM
4FQAM scheme according to an embodiment of the present
disclosure 1s used and a performance when a conventional
4FQAM scheme 1s used are acquired 1n an additive white
Gaussian noise (AGWN) channel environment.

A performance when a DBM 4FQAM scheme according to
an embodiment of the present disclosure 1s used compared
with a performance when a conventional 4FQAM scheme 1s
used 1n a wireless communication system has been described
with reference to FIG. 12, and a performance when a Gray
DBM 8FQAM scheme according to an embodiment of the
present disclosure 1s used compared with a performance
when a conventional 8FQAM scheme 1s used 1n a wireless
communication system will be described with reference to
FIG. 13.

FIG. 13 1s a graph illustrating a performance when a Gray
DBM 8FQAM scheme according to an embodiment of the
present disclosure 1s used compared with a performance
when a conventional 8FQAM scheme 1s used 1n a wireless
communication system.

An FER per SNR when an FSK order 1s “2”, and a QAM
order 1s “4” 1s 1llustrated 1n FIG. 13. In FIG. 13, Q) denotes an
FSK order, and M denotes a QAM order.

Further, 1t will be noted that a performance when a Gray
DBM 8FQAM scheme according to an embodiment of the
present disclosure 1s used and a performance when a conven-
tional 8FQAM scheme 1s used are acquired in an AGWN

channel environment.

As 1llustrated i FIGS. 12 and 13, when a DBM FQAM
scheme and a Gray-DBM FQAM scheme proposed 1n an
embodiment of the present disclosure, 1t will be understood
that performance degradation decreases compared when a
conventional FQAM scheme 1s used.

As 1s apparent from the foregoing description, an embodi-
ment of the present disclosure enables to transmit/receive a
signal 1n a wireless communication system supporting an
FQAM scheme thereby enhancing a bit-to-symbol mapping
performance

An embodiment of the present disclosure enables to trans-
mit/recerve a signal in a wireless communication system sup-
porting an FQAM scheme thereby decreasing a processing
complexity.

An embodiment of the present disclosure enables to trans-
mit/receive a signal using a binary code 1n a wireless com-
munication system supporting an FQAM scheme.

An embodiment of the present disclosure enables to trans-
mit/recerve a signal 1n a wireless communication system sup-
porting an FQAM scheme thereby directly mapping a bit
sequence to an FQAM symbol.

An embodiment of the present disclosure enables to trans-
mit/recerve a signal in a wireless communication system sup-
porting an FQAM scheme thereby directly mapping a bit
sequence to an FQAM symbol and enhancing a bit-to-symbol
mapping performance.

An embodiment of the present disclosure enables to trans-
mit/recerve a signal 1n a wireless communication system sup-
porting an FQAM scheme thereby directly mapping a bit
sequence to an FQAM symbol and decreasing a processing
complexity.

An embodiment of the present disclosure enables to trans-
mit/recerve a signal 1n a wireless communication system sup-
porting an FQAM scheme thereby directly mapping a bit
sequence to an FQAM symbol and decreasing latency.
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Certain aspects of the present disclosure may also be
embodied as computer readable code on a computer readable
recording medium. A computer readable recording medium
1s any data storage device that can store data, which can be
thereafter read by a computer system, Examples of the com-
puter readable recording medium include Read-Only
Memory (ROM), Random-Access Memory (RAM),
CD-ROMs, magnetic tapes, floppy disks, optical data storage
devices, and carrier waves (such as data transmission through
the Internet). The computer readable recording medium can
also be distributed over network coupled computer systems
such that the computer readable code 1s stored and executed 1n
a distributed fashion. Also, functional programs, code, and
code segments for accomplishing the present disclosure can
be easily construed by programmers skilled in the art to which
the present disclosure pertains.

It can be appreciated that a method and apparatus accord-
ing to an embodiment of the present disclosure may be 1imple-
mented by hardware, software and/or a combination thereof.
The software may be stored 1n a non-volatile storage, for
example, an erasable or re-writable read only memory
(ROM), a memory, for example, a random access memory
(RAM, a memory chip, a memory device, or a memory inte-
grated circuit (IC), or an optically or magnetically recordable
non-transitory machine-readable, e.g., computer-readable,
storage medium, e.g., a compact disk (CD), a digital versatile
disk (DVD), a magnetic disk, or a magnetic tape. A method
and apparatus according to an embodiment of the present
disclosure may be implemented by a computer or a mobile
terminal that includes a controller and a memory, and the
memory may be an example of a non-transitory machine-
readable, e.g., computer-readable, storage medium suitable
to store a program or programs including instructions for
implementing various embodiments of the present disclo-
sure.

The present disclosure may include a program including,
code for implementing the apparatus and method as defined
by the appended claims, and a non-transitory machine-read-
able, e.g., computer-readable, storage medium storing the
program. The program may be electronically transferred via
any media, such as communication signals, which are trans-
mitted through wired and/or wireless connections, and the
present disclosure may include their equivalents.

An apparatus according to an embodiment of the present
disclosure may receive the program from a program provid-
ing device which 1s connected to the apparatus via a wire or a
wireless and store the program. The program providing
device may include a memory for storing instructions which
instruct to perform a contents protect method which has been
already 1nstalled, information necessary for the contents pro-
tect method, and the like, a communication unit for perform-
ing a wired or a wireless communication with a graphic
processing device, and a controller for transmitting a related
program to a transmitting/receiving device based on a request
of the graphic processing device or automatically transmiat-
ting the related program to the transmitting/receiving device.

Although the present disclosure has been described with an
exemplary embodiment, various changes and modifications
may be suggested to one skilled 1n the art. It 1s intended that
the present disclosure encompass such changes and modifi-
cations as fall within the scope of the appended claims.

What 1s claimed 1s:

1. A method for transmitting a signal by a transmitting
apparatus in a wireless communication system supporting a
hybrid frequency shift keying (FSK) and quadrature ampli-
tude modulation (QAM) modulation (FQAM) scheme, the

method comprising:
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determining, by the transmitting apparatus, at least one first
bit to map to at least one QAM symbol and at least one
second bit to map to at least one FSK symbol among bits
in an encoded binary bit stream;

generating, by the transmitting apparatus, a FQAM modu-

lation symbol by mapping the at least one {irst bit to the
at least one QAM symbol and mapping the at least one
second bit to the at least one FSK symbol, and
transmitting, by the transmaitting apparatus, the signal that
1s based on the generated FQAM modulation symbol.

2. The method of claim 1, wherein the mapping of the at
least one second bitto the atleast one FSK symbol comprises:

mapping the at least one second bit to the at least one FSK

symbol thereby maximizing a Hamming distance
between bits of which lengths on a constellation are
greatest.

3. The method of claim 1, wherein the at least one QAM
symbol to which the at least one first bit 1s mapped and the at
least one FSK symbol to which the at least one second bit 1s
mapped comprise a Hamming distance expressed as

H=24+N-1,

where H denotes the Hamming distance of each of the at
least one QAM symbol to which the at least one first bit
1s mapped and the at least one FSK symbol to which the
at least one second bit 1s mapped, and N denotes a
number of the at least one second bit.

4. The method of claim 1, further comprising:

before mapping the at least one first bit to the at least one

QAM symbol, performing a Gray coding operation on
the at least one first bit.

5. The method of claim 1, wherein the generating of the
FQAM modulation symbol 1s based on a Hamming distance
of the at least one second bit.

6. A method for recerving a signal by a receiving apparatus
in a wireless communication system supporting a hybrid fre-
quency shift keying (FSK) and quadrature amplitude modu-
lation (QAM) modulation (FQAM) scheme, the method com-
prising:

receiving the signal from a transmitting apparatus,

wherein the signal 1s generated by the transmitting appa-

ratus based on a FQAM modulation symbol, and
wherein the transmitting apparatus determines at least one
first bit to map to at least one QAM symbol and at least
one second bit to map to at least one FSK symbol among
bits 1n an encoded binary bit stream, and generates the
FQAM modulation symbol by mapping the at least one
first bit to the at least one QAM symbol and mapping the
at least one second bit to the at least one FSK symbol.

7. The method of claim 6, wherein the operation of map-
ping the at least one second bit to the at least one FSK symbol
comprises an operation ol mapping the at least one second bit
to the at least one FSK symbol thereby maximizing a Ham-
ming distance between bits of which lengths on a constella-
tion are greatest.

8. The method of claim 6, wherein the at least one QAM
symbol to which the at least one first bit 1s mapped and the at
least one FSK symbol to which the at least one second bit 1s
mapped comprise a Hamming distance expressed as

H=24+N-1,

where H denotes the Hamming distance of each of the at
least one QAM symbol to which the at least one first bit
1s mapped and the at least one FSK symbol to which the
at least one second bit 1s mapped, and N denotes a
number of the at least one second bat.
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9. The method of claim 6, wherein the transmitting appa-
ratus performs a Gray coding operation on the at least one first

bit before mapping the at least one first bit to the at least one
QAM symbol.

10. The method of claim 6, wherein the transmitting appa-
ratus generates the FQAM modulation symbol based on a
Hamming distance of the at least one second bit.

11. A transmitting apparatus for transmitting a signal 1n a
wireless communication system supporting a hybrid fre-
quency shift keying (FSK) and quadrature amplitude modu-
lation (QAM) modulation (FQAM) scheme, the transmitting
apparatus comprising:

an encoder configured to encode binary bit stream; and

a modulator configured to determine at least one first bit to

map to at least one QAM symbol and at least one second
bit to map to at least one FSK symbol among bits 1n an
encoded binary bit stream, and generate an FQAM
modulation symbol by mapping the at least one first bat
to the at least one QAM symbol and mapping the at least
one second bit to the at least one FSK symbol, and

a transmitter configured to transmit the signal that 1s based

on the generated FQAM modulation symbol.

12. The transmitting apparatus of claim 11, wherein modu-
lator 11 further configured to map the at least one second bit to
the at least one FSK symbol thereby maximizing a Hamming
distance between bits of which lengths on a constellation are
greatest.

13. The transmitting apparatus of claim 11, wherein the at
least one QAM symbol to which the at least one first bit 1s
mapped and the at least one FSK symbol to which the at least
one second bit 1s mapped comprise a Hamming distance
expressed as

H=2+N-1,

where H denotes the Hamming distance of each of the at
least one QAM symbol to which the at least one first bit
1s mapped and the at least one FSK symbol to which the
at least one second bit 1s mapped, and N denotes a
number of the at least one second bit.

14. The transmitting apparatus of claim 11, wherein the
modulator performs a Gray coding operation on the at least
one first bit before mapping the at least one first bit to the at
least one QAM symbol.

15. The transmitting apparatus of claim 11, wherein the
modulator 1s configured to generate the FQAM modulation
symbol based on a Hamming distance of the at least one
second bit.

16. A receiving apparatus for receiving a signal 1n a wire-
less communication system supporting a hybrid frequency
shift keying (FSK) and quadrature amplitude modulation
(QAM) modulation (FQAM) scheme, the receiving appara-
tus comprising;

a recerver configured to recerve the signal from a transmit-

ting apparatus,

wherein the signal 1s generated by the transmitting appa-

ratus based on a FQAM modulation symbol, and
wherein the transmitting apparatus determines at least one
first bit to map to at least one QAM symbol and at least
one second bit to map to at least one FSK symbol among
bits 1n an encoded binary bit stream, and generates the
FQAM modulation symbol by mapping the at least one
first bit to the at least one QAM symbol and mapping the
at least one second bit to the at least one FSK symbol.

17. Thereceiving apparatus of claim 16, wherein the opera-
tion of mapping the at least one second bit to the at least one
FSK symbol comprises an operation of mapping the at least



US 9,401,333 B2

17

one second bit to the at least one FSK symbol thereby maxi-
mizing a Hamming distance between bits of which lengths on
a constellation are greatest.

18. The receiving apparatus of claim 16, wherein the at
least one QAM symbol to which the at least one first bit 1s
mapped and the at least one FSK symbol to which the at least
one second bit 1s mapped comprise a Hamming distance

expressed as

H=2+N-1,

where, H denotes the Hamming distance of each of the at
least one QAM symbol to which the at least one first bit
1s mapped and the at least one FSK symbol to which the
at least one second bit 1s mapped, and N denotes a
number of the at least one second bat.

19. The recerving apparatus of claim 16, further compris-
ng:

a de-modulator configured to de-modulate the signal.

20. The receiving apparatus of claim 16, wherein the trans-
mitting apparatus performs a Gray coding operation on the at
least one first bit before mapping the at least one first bit to the
at least one QAM symbol.

21. The recerving apparatus of claim 16, wherein the trans-
mitting apparatus generates the FQAM modulation symbol
based on a Hamming distance of the at least one second biat.
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